It is known that the Dyson-Schwinger Equations(DSEs) describe the relations of different points Green functions. It has been an important tool in strong correlation physics but it's truncation scheme is still not perfect. With the generally used truncation schemes to the DSEs of QCD, we find that a correction factor suppressing the gluon self-energy is needed to keep the stability of the coupled DSEs of the quark and gluon propagators. Following calculations reveal the origin of this correction factor and the results could give important constraints and inspirations on more sensibly truncating the DSEs and fabricating more sophisticated model of full quark-gluon vertex.
I. INTRODUCTION
It is known that the relations of different points Green functions can be given by the Dyson-Schwinger Equations (DSEs) in nonperturbative field theories. Because any Green function in the DSEs is correlated to all other ones, it need be truncated in calculation but the truncation scheme is still far from perfect need be evolved. Here we will use the DSEs of QCD to discuss this problem.
Since in many problems the quark propagator can give the most important information, the DSE of the quark propagator is generally picked out solely and the DSEs of other Green functions are truncated out. At finite temperature and chemical potential the DSE of the quark propagator can be written as[1]
in which p k = ( ω k , p) = [(2k + 1)πT + iµ, p], ω k = (2k + 1)πT + iµ, m is the current quark mass (we use m = 5MeV in this paper), G( p k ) is the full quark propagator,
the full gluon propagator and Γ ν ( q n , p k ) is the full quark-gluon vertex. The inverse of the quark propagator G −1 ( p k ) can be decomposed as
Besides the quark propagator the quark DSE includes another two Green functions, i.e.
the quark-gluon vertex and the gluon propagator, which are not known. In application, the quark-gluon vertex is generally given by model, the gluon propagator also can be modeled by referring to the results of Lattice QCD. Several most popular truncation schemes in this field [2] [3] [4] [5] can give very good value of hadron properties and the reasonable critical temperature.
Both the quark-gluon vertex and gluon propagator should change with different µ or B, but models do not sensibly reflect these properties. The most reasonable method is to solve the DSEs of the quark-gluon vertex and gluon propagator, but this is too complicate, and a sensible truncation is needed. At first step we will use the models of quark-gluon vertex and gluon propagator, but will add the variation of the gluon propagator along with µ by use of the quark loop(part of the gluon DSE). Definitely speaking for the quark-gluon vertex we will use the bare vertex approximation, i.e. Γ µ → γ µ , for the gluon propagator we will use both the Maris-Tandy model (in Landau gauge) [2, 3] 
and the Qin-Chang model (in Landau gauge) [4] 
For Qin-Chang model, ωD 0 = (0.80GeV) 3 , ω = 0.548. They are widely used truncation schemes to the DSEs which can give very good description of low energy hadron properties.
With this truncation scheme and the chosen parameters the critical temperature of nuclear matter will be given as 150 MeV, which is consistent with Lattice QCD result [6, 7] .
At zero chemical potential, as the previous truncation scheme give reasonable results in calculating hadronic properties we can view it as physical one at first. When the DSE is extrapolated to finite chemical potential, the unquenching effect would make the gluon propagator change with quark chemical potential. Then we will include the quark chemical potential dependence of the Maris-Tandy model by gluon DSE. Only corrections coming from the quark loop is included at first, corrections coming from other parts are viewed as higher order terms and omitted. Then we can write out the difference between the inverse gluon propagators at nonzero and zero chemical potential as and Π q µν are all model dependent and would twist from their real physical values, the two sides of this equation will not be strictly equal and a correction factor η µν (T, µ, Q) should be added ) . η up is the up limit of the correction factor. Our work shows that the gluon loop could make the gluon self-energy have sign different from the quark loop value, η − up is the up limit of the correction factor after the quark loop value multiplying (-1). In calculations of the forth to sixth lines of each table the quark propagator is given by solving the coupled DSEs of quark and gluon propagator with correction factor η, the gluon propagator is given by Lattice QCD [13] , the running coupling constant is given by the AdS/QCD method in M S scheme (it's up limit) [14] (The last three lines of each table is calculated with a infrared-suppressed running coupling constant, i.e. α(q 2 ) = 0.1(α AdS (q 2 ) − α AdS (q 2 )) + α AdS (q 2 ) (in which log(q 2 ) < log(q 2 ) = (log(1) + log(2))/2)). for simplicity we will choose η µν (T, µ, Q) as η(T, µ) in this paper. (The tilde means the model dependent term.) By considering the stability of the system, an up limit of η(T, µ)
(named η up (T )) can be given (see Table. I). The existence of so small correction factor means that some critical elements might be omitted in previous calculations and must be added up.
FIG. 2:
The diagrams of the quark and gluon self-energy that include the lowest two orders of chemical potential dependent terms. We refer the first diagram of Σ and Π as Σ (1) and Π (1) , the second and third diagrams of Σ and Π as Σ (2) and Π (2) , the forth and fifth diagrams of Π as Π gl .
II. IMPLICATIONS OF THE CORRECTION FACTOR
It is known that the bare vertex is a great reduction of the full vertex, if we want to obtain expected result from gap equation with bare vertex and model gluon propagator, a twist of the gluon propagator is necessary. For simplicity we assume the twist is just a constant factor, i.e.
in which g 2 D µν represents the physical gluon propagator andg 2D µν represents model gluon propagator. If we assume the twist factor of the quark loop is also a constant, i.e.
in which Π q µν represents the real physical one andΠ q µν represents the result given by bare vertex and model gluon propagator. By substituting the previous two equations to Eq. (5) and compare to Eq.(6) ,we would have η = β Π β.
We think that the importance of a diagram in the DSEs might be estimated by calculating its lower orders expansion. For quark self-energy (Σ) and gluon self-energy (Π), the diagrams that include the lowest two orders of chemical potential dependent terms are plotted out in Fig.2 . As to the lowest order of chemical potential dependent term, Σ
(1) and Π (1) (refer Fig.2 ) is in g 2 order and other terms is in g 4 order. (The correction to the gluon propagator from quark loop must be included in calculating Π gl (µ) but can be ignored in calculating other diagrams.) (The g 2 or g 4 order diagram in this paper will refer to the diagrams that the lowest order of their µ dependent terms are g 2 or g 4 .)
In quark propagator, B( p k 2 ) at low energy is the most amenable part to the correction factor. Because the correction factor affect the low energy B( p 
means that Σ(µ), Π(µ) is calculated with quark propagators obtained from the coupled DSEs (Eq.(1-6)) with correction factor η, here we choose η 1 = 0.001, η 2 = 0.02. The result is given in Table. I. We can see that comparing the bare vertex results the increasing of Π calculated with real full quark-gluon vertex might be much smaller than the increasing of Σ, the gluon loop would suppress the gluon self-energy to a value much smaller than the quark loop value after iteration (also change the sign). We can estimate β Π and β by
and then calculate out the correction factor which will be comparable to η up and η − up .
III. CONCLUSIONS AND DISCUSSIONS
In this work we study how to give a more sensible truncation scheme to the DSEs beyond quark gap equation. With a simple truncation scheme at first, we find that a suppression factor is needed to keep the stability of the equation array of DSEs. As the suppression is so prominent we think that it might come from the truncation scheme to the DSEs. Then we calculate the diagrams given in Fig.2 and find that if we concentrate to calculate the dependence of the quark and gluon self-energy on the correction factor, meaningful results can be given. Our calculation shows that comparing to bare vertex the full vertex can give several times bigger quark mass and tens of percent increasing of the quark loop, the gluon loop can dramatically diminish the gluon self-energy to a value much smaller than that given by quark loop (also change the sign). This indicate that the contribution of the gluon loop to gluon DSE is very important and in the truncation of DSE the effect of gluon loop must be reserved. This also give us inspirations on fabricating quark-gluon vertex. In the literature the longitudinal structure of the vertex can be guided by considering the gauge covariance [8, 9] , the transverse structure can be partly determined by considering the requirements of multiplicative renormalisability [10] [11] [12] , besides that, there is no other guides for exploring the remaining terms of the transverse structure. But the analysis shown here gives new constraint to the vertex structure. Based on previous discussion, comparing to the bare vertex the full true quark-gluon vertex should largely strengthen the quark self energy but much less largely strengthen the gluon self energy.
In Fig.2 we only plot out the diagram containing g 2 and g 4 orders of chemical potential dependent terms. More information will be obtained if including higher orders, for example, to g 6 order, all diagrams in Fig.1 can be included. We think that, with the information obtained by our method, more sensible truncation scheme to the DSEs beyond quark gap equation can be built up.
